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Description 

The  present  invention  relates  to  a  vacuum  circuit 
breaker,  and  more  particularly  to  an  improvement  in 
an  electrode  structure  thereof  adapted  for  magneti- 
cally  driving  arcs  between  the  electrodes  by  its  own 
interrupting  electric  current. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  vertical  sectional  view  of  one  embodi- 
ment  of  the  vacuum  circuit  breaker  in  accordance  with 
the  present  invention. 

Fig.  2  is  a  perspective  view  of  the  pair  of  electro- 
des  shown  in  Fig.  1. 

Fig.  3  is  a  plane  view  of  a  electrode  shown  in  Fig. 
1. 

Fig.  4  is  a  vertical  sectional  view  along  line  IV-IV 
of  Fig.  3. 

Fig.  5  is  a  plane  view  of  one  of  the  prior  art  vacuum 
circuit  breaker  electrodes  adapted  for  magnetically 
driving  arcs  between  the  electrodes. 

Fig.  6  is  a  vertical  sectional  view  of  Fig.  5. 

Background  of  the  Invention 

The  vacuum  circuit  breaker  generally  comprises 
a  vacuum  casing,  a  pair  of  separable  electrodes  dis- 
posed  in  the  vacuum  casing  in  that  a  fixed  electrode 
and  a  movable  electrode  facing  each  other  and  a  pair 
of  electrically  conductive  rods  connected  respectively 
to  each  electrode  at  their  non-facing  surfaces  and  ex- 
tending  respectively  through  the  vacuum  casing  to 
the  outside  thereof.  The  other  ends  of  the  electrically 
conductive  rods  are  respectively  connected  to  an 
electrical  source  terminal  and  to  a  load  terminal.  Thus 
a  current  flows  from  the  source  terminal  to  the  load 
terminal  through  the  one  electrically  conductive  rod, 
the  pair  of  electrodes  and  the  other  electrically  con- 
ductive  rod. 

Arcs  are  generated  between  the  electrodes, 
when  the  movable  electrode  is  disconnected  from  the 
fixed  electrode  during  the  circuit  breaking  operation. 

A  current  interrupting  capacity  of  a  vacuum  circuit 
breaker  using  simple  disc  shaped  electrodes  which 
form  bat  contact  is  limited,  because  the  arcs  between 
the  electrodes  stay  at  a  local  point  of  the  electrodes 
and  cause  local  heating  of  the  electrodes,  even  if  the 
diameter  of  the  electrodes  is  enlarged. 

For  increasing  the  current  interrupting  capacity  of 
the  vacuum  circuit  breaker,  disc  shaped  electrodes 
with  a  plurality  of  spiral  grooves  were  proposed, 
wherein  arcs  are  driven  along  the  spiral  grooves 
through  an  interaction  between  an  arc  current  and  a 
magnetic  field  caused  by  an  interrupting  current  flow- 
ing  through  a  current  path  defined  by  the  spiral 
grooves  so  that  the  local  stay  of  the  arc  is  prevented. 

Japanese  patent  publication  No.  22634/1973  and 

Japanese  Preliminary  Publication  of  Patent  Nos. 
97061/1973  and  30174/1980  disclose  the  disc  shap- 
ed  electrodes  with  a  plurality  of  spiral  grooves  for  va- 
cuum  circuit  breakers.  Since  the  grooves  of  these  disc 

5  shape  electrodes  are  spiral  shaped  a  band  saw  or  a 
wire  cutter  was  needed  to  form  the  grooves  on  the 
electrodes  which  was  uneconomical  because  of  a 
long  processing  time. 

Recently,  Japanese  Preliminary  Publication  of 
10  Patent  No.  115730/1982  proposed  a  disc  shaped 

electrode  with  a  plurality  of  straight  grooves  for  a  va- 
cuum  circuit  breaker  which  are  easily  formed  by  a  mil- 
ling  machine. 

A  vacuum  circuit  breaker  according  to  the  pream- 
15  ble  of  the  claim  present  is  known  from  US-A-4  210 

790. 
Figs.  5  and  6  show  the  electrode  structure  of 

above  mentioned  Japanese  Preliminary  Publication 
of  Patent.  A  disc  shaped  electrode  40  consists  of  an 

20  annular  contact  part  41  formed  around  the  outer  cir- 
cumferential  portion  of  the  disc  shaped  electrode  and 
a  round  recessed  part  42  formed  on  the  inner  portion 
thereof  and  surrounded  by  the  annular  contact  part 
41.  Three  straight  grooves  43a,  43b  and  43c  which 

25  extend  from  the  outer  periphery  of  the  annular  contact 
part  41  to  the  round  recessed  part  42  are  cut  on  the 
disc  shaped  electrode  so  that  three  contact  pieces 
41a,  41b  and  41c  are  formed.  Three  substantionally 
isolated  lands  44a,  44b  and  44c  are  formed  between 

30  the  inner  periphery  of  the  annular  contact  part  41  and 
the  straight  grooves  43a,  43b  and  43c. 

An  arc  45,  for  instance,  generated  during  circuit 
breaking  operation  is  driven  along  the  circumferential 
direction  or  along  the  straight  groove  43a  shown  by 

35  an  arrow  on  the  contact  piece  41a  by  an  electromag- 
netic  force  F  caused  by  an  interaction  with  a  magnetic 
flux  caused  by  a  current  flowing  along  a  current  path 
defined  by  the  straight  grooves,  and  some  times 
thereafter  an  arc  45A  is  generated  on  the  isolated 

40  land  44a,  because  charged  particles  caused  by  the 
arc  45  are  apt  to  be  trapped  in  the  space  above  the 
isolated  land  44a  due  to  an  axial  component  of  the 
magnetic  flux  in  the  space.  Since  the  direction  of  the 
arc  45A  is  substantially  parallel  to  the  that  of  the  mag- 

45  netic  flux  <|>,  the  arc  45A  is  confined  within  the  narrow 
isolated  land  44a,  and  stays  there  to  cause  a  local 
melting  of  the  electrode  and  thus  an  interruption  fail- 
ure  of  the  vacuum  circuit  breaker. 

so  Summary  of  the  Invention 

The  invention  is  indicated  in  the  claim. 

Description  of  the  Preferred  Embodiments 
55 

Fig.  1  illustrates  one  embodiment  of  the  present 
invention.  The  vacuum  circuit  breaker  1  comprises  an 
evacuated  vacuum  casing  2  formed  of  an  insulating 
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cylinder  2a,  metal  fittings  3  for  sealing  provided  on 
both  ends  of  the  insulating  cylinder  2a,  and  a  pair  of 
end  plates  4  attached  to  the  metal  fittings  3;  a  pair  of 
conductive  rods  6  extending  through  the  respective 
ends  plates  4  in  an  airtight  manner;  a  fixed  disc  shap- 
ed  electrode  7  connected  to  one  of  the  conductive 
rods  6;  a  movable  disc  shaped  electrode  8  facing  to 
the  fixed  disc  shaped  electrode  7  and  connected  to 
the  other  conductive  rod  6;  bellows  9  provided  be- 
tween  the  end  plate  4  and  the  other  conductive  rod  6 
to  permit  axial  movement  of  the  movable  disc  shaped 
electrode  8  while  keeping  vacuum  in  the  vacuum  cas- 
ing  2;  and  a  cylindrical  metallic  vapor  shield  5  sur- 
rounding  the  fixed  and  movable  disc  shaped  electro- 
des  7  and  8  for  preventing  metallic  vapor  diffused 
from  an  arc  generated  between  the  disc  shaped  elec- 
trodes  7  and  8  from  being  deposited  on  the  inner  sur- 
face  of  the  insulating  cylinder  2.  On  the  respective 
non-facing  surfaces  of  the  both  disc  shaped  electro- 
des  7  and  8,  elastic  support  plates  50  of  stainless 
steel  are  provided  so  that  the  both  disc  shaped  elec- 
trodes  7  and  8  uniformly  contact  each  other  to  ach- 
ieve  balanced  current  flow  throughout  the  contacting 
surface  of  both  disc  shaped  electrodes  7  and  8. 

Since  the  structures  of  the  fixed  and  movable 
disc  shaped  electrodes  7  and  8  are  substantially  the 
same,  the  structure  of  the  movable  disc  shaped  elec- 
trode  8  alone  is  explained  referring  to  Figs.  2,  3,  and 
4. 

The  movable  disc  shaped  electrode  8  includes  an 
annular  contact  part  10  formed  around  the  outer  cir- 
cumferential  portion  of  the  disc  shaped  electrode  8  on 
the  facing  surface  to  the  opposing  fixed  disc  shaped 
electrode  7,  and  a  round  recessed  part  11  formed  on 
the  inner  portion  thereof  and  surrounded  by  the  an- 
nular  contact  part  10.  The  annular  contact  part  10  is 
divided  into  three  contact  pieces  13A,  13B,  and  13C 
by  three  straight  grooves  12A,  12B,  and  12C  which 
are  cut  from  the  outer  circumferential  periphery  10A 
of  the  annular  contact  part  10  to  a  boundary  line  20 
between  the  inner  circumferential  periphery  of  the  an- 
nular  contact  part  10  and  the  inner  round  recessed 
part  11.  As  shown  in  Figs.  3  and  4,  the  straight 
grooves  are  not  inclined  to  the  axial  direction,  but  ex- 
tend  in  parallel  to  the  axial  direction  and  are  cut  so  as 
to  extend  substantially  tangentially  to  the  boundary 
line  20  of  the  inner  periphery  of  the  annular  contact 
part  10. 

The  elastic  support  plates  50  are  also  provided 
with  three  straight  grooves  aligned  with  those  formed 
in  the  annular  contact  parts  10  of  the  respective  disc 
shaped  electrodes  7  and  8. 

An  arc  generated  between  the  fixed  and  movable 
disc  shaped  electrodes  7  and  8  is  driven  around  the 
contact  pieces  13A,  13B,  and  13C  passing  through 
the  grooves  12A,  12B,  and  12C. 

No  arcing  occurs  again  at  the  round  recessed 
portion  11  nearthe  inner  periphery  oftheannularcon- 

tact  part  10,  because  the  portion  on  the  round  re- 
cessed  part  11  where  an  axial  magnetic  flux  compo- 
nent  caused  by  current  flowing  through  the  both  elec- 
trodes  prevails  is  eliminated  and  replaced  by  the 

5  three  straight  grooves  12A,  12B,  and  12C. 
With  the  vacuum  circuit  breaker  of  the  present  in- 

vention,  the  arcing  at  the  round  recessed  part  near 
the  inner  periphery  of  the  annular  contact  part  of  the 
disc  shaped  electrode  is  prevented,  thus  interruption 

10  failure  due  to  the  stay  of  arc  at  the  round  recessed 
part  of  the  disc  shaped  electrode  is  eliminated.  As  a 
result,  the  interrupting  properties  of  the  vacuum  cir- 
cuit  breaker  of  the  present  invention  is  much  im- 
proved,  in  that  the  vacuum  circuit  breaker  with  the 

15  disc  shaped  electrodes  of  60mm  diameter  in  accor- 
dance  with  the  present  invention  interrupted  25kA  at 
7.2kV  with  great  ease,  on  the  other  hand,  the  vacuum 
circuit  breaker  with  the  disc  shaped  electrodes  shown 
in  Figs.  5  and  6  with  same  diameter  interrupted  up  to 

20  20kAat7.2kV. 
With  the  vacuum  circuit  breaker  of  the  present  in- 

vention,  the  interruption  failure  due  to  the  stay  of  the 
arcs  is  eliminated,  thus  the  interrupting  properties  of 
the  vacuum  circuit  breaker  are  much  enhanced  as  ex- 

25  plained. 

Claims 

30  1.  A  vacuum  circuit  breaker  comprising 
-  a  pair  of  separable  disc-shaped  electrodes 

(7,  8)  facing  to  each  other  and  disposed  in 
a  vacuum  casing  (2), 

-  the  disc-shaped  electrodes  being  separ- 
35  able  in  axial  direction  and  are  provided  with 

a  support  plate  (50)  on  the  non-facing  sur- 
face  thereof, 

-  a  pair  of  conductive  rods  (6)  connected  to 
each  of  said  disc-shaped  electrodes  (7,  8) 

40  at  their  non-facing  surfaces  and  extending 
through  the  vacuum  casing  (2)  in  air-tight 
manner, 

-  each  disc-shaped  electrode  (7,  8)  including 
an  annular  contact  part  (10)  formed  around 

45  the  outer  circumferential  portion  of  the  disc- 
shaped  electrode  (7)  on  the  facing  surface 
to  the  other  disc-shaped  electrode  (8),  a 
round  recessed  part  (11)  formed  on  the  in- 
ner  portion  thereof  and  surrounded  by  the 

so  annular  contact  part  (1  0)  and  at  least  three 
straight  grooves  (12A,  12B,  12C)  extending 
in  a  direction  parallel  to  the  axial  direction 
and  substantially  tangential  to  the  inner  per- 
iphery  of  the  annular  contact  part, 

55  characterized  in 
-  that  said  grooves  (12A,  12B,  12C)  extend 

only  from  the  outer  periphery  of  the  annular 
contact  part  (10)  to  the  inner  periphery  of 

3 
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the  annular  contact  part  (10), 
-  that  the  outer  side  walls  of  the  grooves 

(12A,  12B,  12C)  are  positioned  outside  of 
the  boundary  line  (20)  of  the  inner  periph- 
ery  of  the  annular  contact  part  (1  0),  where-  5 
by  arcing  on  the  round  recessed  part  (11)  is 
prevented  during  circuit  breaking  operation 
of  the  vacuum  circuit  breaker  and 

-  that  the  support  plate  (50)  is  elastic  and  pro- 
vided  with  at  least  three  straight  grooves  10 
aligned  with  the  straight  grooves  (12A,  12B, 
12C)  formed  on  the  respective  annular  part 
(10). 

15 
Patentanspruche 

1.  Vakuumschalter  mit 
-  einem  Paar  trennbarer  plattenformiger 

Elektroden  (7,  8),  die  einander  gegenuber-  20 
liegen  und  in  einem  Vakuumgehause  (2) 
angeordnet  sind, 

-  wobei  die  plattenformigen  Elektroden  in 
Axialrichtung  trennbar  sind  und  eine  Tra- 
gerplatte  (50)  an  deren  nicht  gegenuberlie-  25 
genden  Oberflachen  aufweisen, 

-  einem  Paarleitender  Stabe  (6),  die  mitjeder 
der  plattenformigen  Elektroden  (7,  8)  an  de- 
ren  nicht  gegenuberliegenden  Oberflachen 
verbunden  sind  und  luftdicht  durch  das  Va-  30 
kuumgehause  (2)  verlaufen, 

-  wobei  jede  plattenformige  Elektrode  (7,  8) 
einen  ringformigen  Kontaktteil  (10),  wel- 
cher  urn  den  aulieren  Umfangsteil  der  plat- 
tenformigen  Elektrode  (7)  auf  derderande-  35 
ren  plattenformigen  Elektrode  (8)  gegen- 
uberliegenden  Oberflache  gebildet  ist,  ei- 
nen  an  dessen  Innenteil  ausgebildeten  und 
von  dem  ringformigen  Kontaktteil  umgebe- 
nen  runden  zuruckversetzten  Teil  (11)  und  40 
mindestens  drei  geradlinige  in  einerzur  Axi- 
alrichtung  parallel  und  im  wesentlichen  tan- 
gential  zum  Innenumfang  des  ringformigen 
Kontaktteils  verlaufende  Nuten  (12A,  12B, 
12C)  aufweist,  45 

dadurch  gekennzeichnet, 
-  dali  die  Nuten  (12A,  12B,  12C)  vom  Aulien- 

umfang  des  ringformigen  Kontaktteils  (10) 
nur  bis  zum  Innenumfang  des  ringformigen 
Kontaktteils  (10)  verlaufen,  50 

-  dali  die  aulieren  Seitenwande  der  Nuten 
(12A,  12B,  12C)  aulierhalb  der  Begren- 
zungslinie  (20)  des  Innenumfangs  des  ring- 
formigen  Kontaktteils  (10)  angeordnet  sind, 
wodurch  ein  Uberschlag  auf  dem  runden  55 
zuruckversetzten  Teil  (11)  wahrend  des 
Ausschaltvorgangs  des  Vakuumschalters 
verhindert  wird,  und 

-  dali  die  Tragerplatte  (50)  elastisch  ist  und 
mindestens  drei  geradlinige  Nuten  auf- 
weist,  welche  zu  den  auf  dem  jeweiligen 
ringformigen  Teil  (10)  ausgebildeten  gerad- 
linigen  Nuten  (12A,  12B,  12C)  ausgerichtet 
sind. 

Revendications 

1  .  Disjoncteur  sous  vide  comprenant 
-  un  couple  d'electrodes  separables  (7,8)  en 

forme  de  disques,  qui  se  font  face  et  sont 
disposees  dans  un  boitier  sous  vide  (2), 

-  les  electrodes  en  forme  de  disques  etant 
separables  dans  une  direction  axiale  et 
etant  equipees  d'une  plaque  de  support 
(50)  situee  sur  leurs  surfaces  qui  ne  sont 
pas  en  vis-a-vis, 

-  un  couple  de  barres  conductrices  (6)  rac- 
cordees  a  chacune  desdites  electrodes  en 
forme  de  disques  (7,8),  au  niveau  de  leurs 
surfaces  non  en  vis-avis  et  s'etendant  a  tra- 
vers  le  boitier  sous  vide  (2)  d'une  maniere 
etanche  a  I'air, 

-  chaque  electrode  en  forme  de  disque  (7,8) 
comprenant  une  partie  de  contact  annulaire 
(10)  formee  autour  de  la  partie  circonferen- 
tielle  exterieure  de  I'electrode  en  forme  de 
disque  (7)  sur  la  surface  en  vis-a-vis  de 
I'autre  electrode  en  forme  de  disque  (8), 
une  partie  en  renfoncement  ronde  (11)  for- 
mee  sur  la  partie  interieure  de  celle-ci  et  en- 
touree  par  la  partie  de  contact  annulaire 
(10)  et  au  moins  trois  gorges  rectilignes 
(12A,12B,12C)  s'etendant  dans  une  direc- 
tion  parallele  a  la  direction  axiale  et  sensi- 
blement  tangentiellement  a  la  peripheric  in- 
terieure  de  la  partie  de  contact  annulaire, 

caracterise  en  ce 
-  que  lesdites  gorges  (12A,12B,12C)  s'eten- 

dent  uniquement  de  la  peripheric  exterieure 
de  la  partie  de  contact  annulaire  (10)  a  la 
peripheric  interieure  de  la  partie  de  contact 
annulaire  (10), 

-  que  les  parois  laterales  exterieures  des  gor- 
ges  (12A,12B,12C)  sont  disposees  a  I'exte- 
rieur  de  la  ligne  limite  (20)  de  la  peripheric 
interieure  de  la  partie  de  contact  annulaire 
(10),  de  sorte  que  la  formation  d'un  arc  sur 
la  partie  en  renfoncement  ronde  (11)  est 
empechee  pendant  une  operation  de  cou- 
pure  de  circuit  du  disjoncteur  sous  vide,  et 

-  que  la  plaque  de  support  (50)  est  elastique 
et  comporte  au  moins  trois  gorges  rectili- 
gnes  alignees  avec  les  gorges  rectilignes 
(12A,12B,12C)  menagees  dans  la  partie 
annulaire  respective  (10). 
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